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KTTPFACF EXP P FSfiTOW OF FNZYMTi IN gENfi DIRECTED 

FBOffRTffi THERAPY 
Tntroducti n r, and background tp fhP invention, 

The present invention relates to gene directed enzyme prodrug 
therapy (GDEPT) and its use in the treatment of disease, including 
tumours . 

A therapeutic approach termed "virus-directed enzyme prodrug 
therapy" (VDEPT) has been proposed as a method for treating tumour 
cells in patients using prodrugs. Tumour cells are targeted with 
a viral vector carrying a gene encoding an enzyme capable of 
activating a prodrug. The gene may be transcriptionally regulated 
by tissue specific promoter or enhancer sequences. The viral 
vector enters tumour cells and expresses the enzyme, in order that 
a prodrug is converted to an active drug within the tumour cells 
(Huber et al, Proc. Natl. Acad. Sci. USA (1991) IS, 8039). 
Alternatively, non-viral methods for the delivery of genes have 
been used. Such methods include calcium phosphate co- 

precipitation, microinjection, liposomes, direct DNA uptake, and 
receptor-mediated DNA transfer. These are reviewed in Morgan & 
French Anderson, Annu. Rev. Biochem. , 1993,£2;191. The term 
"GDEPT" (gene-directed enzyme prodrug therapy) is used to include 
both viral and non-viral delivery systems. 

The success of a GDEPT system relies upon two limiting factors. 
The system requires cells which need to be targeted by the vector 
to be infected. If a cell does not become infected then no active 
drug will be produced within it so that in order to be killed 
active drug will need to enter it by a bystander effect, having 
been produced in another infected cell. Not all active drugs when 
produced inside a cell will be capable of leaving that cell in 
order to do this. Further, it is a requirement that the prodrug 
enters the cell. Some prodrugs may not be capable of crossing the 
membrane of a cell. 
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nisclosu T-g of the invention. 

in order to overcome these problems, the present invention provides 
a two component system for use in association with one another 
comprising: 

(a) a vector capable of expressing an enzyme at the surface 
of a cell; and 

(b) a prodrug which can be converted into an active drug by 
said enzyme. 

The vector may be a RNA or DNA vector. It may be derived from a 
viral vector, including any suitable vector available in the art 
for targeting tumour cells. 

The invention also provides the system of the invention for use in 
a method of treatment of a patient, and a method of treating a 
tumour in a patient in need of treatment which comprises 
administering to said patient an effective amount of a vector 
encoding an enzyme capable of being expressed on the surface of a 
cell and a prodrug capable of being converted by said enzyme to an 
active drug. 

Brief pa- efiatlon of the Drawings 

f1r ,~ ,. E «^nn of ssszissss£Asal in "™3T3 ctllt NIH3T3 

cells were transfected with MLV0plink (lane 1) 'or with 
MLVCPG2 (surface) (lane 2). The cells were extracted into buffer 
A and samples of each were electrophoresed in 10%w/v polyacrylamide 
gels, transferred to nitrocellulose and probed with a CPG2 specific 
polyclonal antibody. The position of migration of CPG2 (surface) 
is shown and the positions of migration of standard molecular mass 
markers (in kDa) are shown to the left of the figure 

Fimire 2. of t^ni^vcin on the expression Of ffl»C2 f Wrf *99\ 

in ktkit^ cells (A) immunoblot analysis. NIH3T3 cells were 
transfected with either MLVCPG2 (surf aceF/S) (lanes 1, 3) or 
MLVCPG2 (surface) (lanes 2, 4). The cells were incubated in the 
absence of tunicamycin (lanes 1, 2) or in the presence of 
tunicamycin (lanes 3, 4). Extracts were prepared and analysed as 
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is indicated, as is the position of migration 

weight marher. <in . to the ^^^Cieiis'in part 

snryme activity assay. The en*y»e extracts , f rc nulob . r . 
<», -ere analysed for CPC2 s „ pl<1 5 contains 

correspond to lane numbers for a „. g ativ. control, 

extraction huffer instead of ^ ^^ "J^ « -«« 
The activity is expressed as arbitrary vaxu 

~n-^ <*> i-"»<"> lot analY "l B - ..^Lcur'face)!^ 
Se^ithM^vcPca (surface, lanes 1. 5 H^VCPCJ = 

<l.ne. =. 6)t «,VCPG 2 <surf.ce,»X» aanes 3 . ££?Z. t*m . lth . r 
(lanes 4. .) or M,V,plin* (lanes , 10, . sampl^ ^ ^ 
control cell. (1»« 1. 2. 3 - *' «> smpXM were analy8 ed as 
tunicamycin (lanss 5, 6, 7, 8. x l v „ious forms of 

in Figure 1. Tne position of ^^f^ ni9ratio „ of tne 
CP«<surfa=e> is indicated, as is th. n ^ i °" " of the 

standard molecular mass -B- '""JT The cell extract, from 

3n rptttMrtW.) W immunoprotein slot analyei ^ 
„sre transited with K.VCPC, surges, Jlan. 1 ; ^ 

„ L VCPG2(.urf.c., I « i (1 ; nM c 2 ' 1 4 '; r ™: e rwIth tunicamycin (lanes 

cells (lanes 1. 2) or from cells treated wl ltlon 

3, 4). The samples were analysed as for Figur. 1. Th P 
o migration of the CP G 2(surf.ce, protein. 

position of migration of standard -leculsr Th . 

to the left of ^th. lanes <B, «. ««V- ^ aotivity 

5 cell extracts from part (A) were an. y (A) . 

sasay. Sample numhers correspond ,to lane nurf, ^ 
additionally, samplee from cells transfe 
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(samples 5, 6) either fro* control cells (Sample 5) or fro. cells 
treated with tunicate in <sa. P le 6) sre included ss native 
controls. Ihe results are expressed in arbitrary values relative 
to buffer controls. 

5 

HLV^linlc (samples 1. 4. 7) MLVCPG2 (surface) denes a, 5. 8) I or 
LcUsurf.ce,I*LL (lanes 3. 6, 9,. »°rty '» ^ 
10 transfection. the cell. were treated with prodrug vehicle for 24 
hours .. a control (lane. 1-3). with CMDA prodrug for 3 hours 
(lanes 4-6) or with CHD» prodrug for 24 hours (lane. 7-9). After 
1 " "covery period, the cells were pe...ged into fresh tissue 
cul^T dLh« and after 3 days, the viahility of the cells 
15 determined hy ...soring (methyl-'Dthymidin. incorporation. The 
amount of incorporated thymidine is shown in terms of dp. for each 
sample. 

Eig^ M imsunoblot analysis. The figure shows 
20 Session of CPC2 (surface, 1*11. in HIH3T3 cells The position of 
miration of CP02( surface, 1*13. is indicated, es is the P-"££ 
migretion of the standard molecular mas. makers in *D.>. to the 
isft of the figure. Lane. 1 end 2 are for cell line. #3 and .16 
respectively. (B) enzymatic activity ...ay of *-,.lactosidas. (Q 
25 enzymatic activity assay of CPS2. In <B> and (C, th. .cell greets 
fromV) were analysed. The reeult. for NIH3T3 cell line #3 are 
g ™ ( in the open bar and for oell line ,16 in the solid ^ The 
activity i. expre..ed as arbitrary values, relative to buffer 
controls . 

30 Tls^L sensitivity of NIH3T3 cell lines constitutively expressing 
CFG2 (surface) or *-galactosidase to the prodrug CMDA. 

Eigsr^ Bystander effect seen with NIH3T3 cells constitutively 
35 expressing CPG 2 (surface) LULL and the CMDA prodrug. 
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Figure* (A) immunoblot analysis: transient expression of 
Ei3aEfi — HTH3T3 cells. The position 

CPG2 (surface) and CPG2 (surface) QQQ in NIH3T3 cex * ca1:ed 
of miaration of CPG2 (surface) and CPG2 (surf ace) QQQ is indicated, 

r srr r r =r ~? 

"stressed as arbitrary V.1U.B. relstiv. to buffer controls. 

r< mlre 10 <», iral unoblot analysis: oonstitutive expression of 
Surrace^QQ in MDA MB 361 calls. The position o £ nigration 
surfactU is indicate, as is the ^""^TZ 
ot th. standard nolecular -ass na f ers ( i* ^ J. ^ - £ 



20 



25 



tandard molecular mass ma™*- 

fioure (B) enzymatic activity of p-galactosidase expressed in the 
STS",« LnL M2 and M3*. The cell extracts fro. <A> were 
analysed. Sample numbers correspond to lane numbers from (A) . The 
a'ivity is expressed as arbitrary values, relative to buffer 
controls . 

Eigaia _ 11 W sensitivity of HDA HB 361 cslls constitutive!, 
pressing cP=2<.urf.c.>Q00 or ,-g.l.ctosid.s. to the prodrug CMDA. 
r' s-itivity of MDA MB 361 cslls constitutive expressm, 
CPG2(surfac.)QQQ or ,-oslsctosidas. to th. prodrug 2. 

Ua!as ^2. sensitivity of MDA MB 361 cells constitiv.ly sussing 
CPG2, to the prodrug 2 - sulphorhodanine asssy. 

£iaart _ Lt Bystandsr effect seen in the MDA MB 361 cell lines 
constitutive expressing CPG2 (surf see) 000 with prodrug 2. 

~*.n.d fl aasrjj&laa si ™* Invention. 

t^T^ble vector systens include vectors based on the 
Molony -urine leuxaenia virus are Known (Pan. * et .1,^ »n«r 
„ (1993) 53J83-B8! Dalton 6 Treisman, Cell (1992) «' 

The" letters contain the Murine «uKseni. virus (MLV) 
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enhancer cloned upstream at a 0-globin minimal promoter 
globin 5' untranslated region up to the initiation ATG is supplied 
to direct efficient translation of the cloned protein. The 
initiator ATG straddles an Ncol restriction site and thus can be 
used to clone a protein coding sequence into the vector. This 
vector further contains a polylinker to facilitate cloning, 
followed by the 0-globin 3 '-untranslated region and polyadenylation 
sites. The MLV enhancer is of particular use since it is a strong 
enhancer and is active in most murine and human cell lines. 

Suitable viral vectors further include those which are based upon 
a retrovirus. Such vectors are widely available in the art. Huber 
et al (ibid) report the use of amphotropic retroviruses for the 
transformation of hepatoma, breast, colon or skin cells. Culver 
15 et al (Science (1992) 25_£; 1550-1552) also describe the use of 
retroviral vectors in GDEPT. Such vectors or vectors derived from 
such vectors may also be used. Other retroviruses may also be used 
to make vectors suitable for use in the present invention. Such 
retroviruses include rous sarcoma virus (RSV) . The promoters from 
20 such viruses may be used in vectors in a manner analogous to that 
described above for MLV. 

Englehardt et al (Nature Genetics (1993) 4; 27-34) describe the use 
of adenovirus based vectors in the delivery of the cysti6 fibrosis 
25 transmembrane conductance product (CFTR) into cells, and such 
adenovirus based vectors may also be used. Vectors utilising 
adenovirus promoter and other control sequences may be of use in 
delivering a system according to the invention to cells in the 
lung, and hence useful in treating lung tumours. 

30 

in general, the vector may be any DNA or RNA vector used in VDEPT 
or GDEPT therapies. 

Pt Enzymes, 

35 The enzyme may be any enzyme which is not normally expressed on the 
surface of a cell, nor released into the circulation, particularly 
a mammalian (especially human) cell, and which is capable of 
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convert a prodrwg into an .ctive drug - '^TUI or I 
»«U.n enzyme which ace. not naturally °«» r ^ g . ThiB 

humen enzyme which is not normelly ~ ^mmelien enzymes 

includes anzy.es from other spsczss a. well an J ? 

, which are altarad in a menner which conversion of the 

to other words, the alteretion meens «« at . Mte 

prodrug to en ective drug hy the natural enzyme will b ^ 
one or more orders ox segnlt.de less tt. ^ 
eltered enzyse operetes. Altered «"^ee ^y ^ J- 

„ recombinent DMA techniqu g. by cloning ^. enzy. 

its gen. eeguenc. and altering the gen. seguence by me _ 
as site-directed mutagenesis. 

^ enzyse will usually convert ^^^11^ 
.5 resovin, e protecting group from the Prodrug In 

protecting group will he cleeved es . whole Jro. P 
However, it is also poesihle for the snzy» *» 

sr.- -jt ~££~-= 

nitroreductese enzyme described below. 

„™ is e non-mammalien enzyme. Suitable non- 
Preferably, the enzyse is e non me o-cteriel enzymes 

25 sasmalian enzymes include becteriel (CTG2) , as 

include cerboxypeptid. uch ee cerboxypeptidese « ^ 

aisclosad in «oe»/0737, ■ J^ff^ lol T t>» 5 »« . *»> 
EC3.1.22.12 (levy ec «. Goldstein P J. Biol- ^ „ 
( „.7>> end nitroreductases, such es en E^i nit»r. 

«««d in a vector system of the present invention will 
35 Enzymes expressed in a vector «* apparatus and 

generally undergo processxng through the _Golg PP 
endoplasmic reticulum to reach the surface of the 
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glycosylation occurs in the Golgi apparatus and endoplasmic 
reticulum at a motif whose primary amino acid sequence is Asn-Xaa- 
Ser/Thr (where Xaa is any amino acid) ; the glycosylation occurs on 
the Asn residue. In some cases, this can lead to a reduction in 
activity of the enzyme compared to its unglycosylated native form. 
It is thus desirable that vectors of the present invention are 
altered to change by substitution, deletion or insertion at one or 
more glycosylation sites. 

For example, within the primary amino acid sequence of CPG2, there 
are three such consensus motifs, located at residues Asn Asn 
264 and Asn 272. Alteration of one or more of these sites is 
preferred when CPG2 is used in the present invention. Desirably, 
the alteration is substitution to leucine or glutamine. 

In general, alterations to enzymes which are amino acid 
substitutions of from at least 1 to all glycosylation sites are 
particularly preferred, although deletions or insertions of for 
example 1, 2, 3, 4, 5 or more amino acids are also possible. In 
any event, the alteration will be such that the enzyme retains its 
ability to convert a prodrug to an active drug at substantially the 
same rate as the unchanged, unglycosylated enzyme. In this 
context, "substantially unchanged" will desirably be within 1 order 
of magnitute, and preferably from about 2-fold less to 2, 5 or 10 
fold more. 

In addition to specific changes the enzyme may otherwise be altered 
by truncation, substitution, deletion or insertion as long as the 
activity of the enzyme is substantially unchanged as defined above. 
For example, small truncations in the N- and/or C-terminal sequence 
may occur as a result of the manipulations required to produce a 
vector in which a nucleic acid sequence encoding the enzyme is 
linked to the various other signal sequences described herein. The 
activity of the altered enzyme may be measured in model systems 
such as those described in the examples. 
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An example of a truncated enzyme is CPG2* which contains amino 
acids 23 to 415 of Seq. ID No.l. 

in a further aspect of the present invention, there is provided a 
vector comprising a bacterial carboxypeptidase which has been 
altered by substitution, deletion or insertion at one or more 
glycosylation sites. The carboxypeptidase is desirably CPG2 with 
the amino acid sequence of Seq. ID No. 1 except for said one or 
more substitutions, deletions or insertions. Variants of such 
carboxypeptidases containing further substitutions, deletions or 
insertions but which retain substantially unchanged .carboxy- 
peptidase activity are a further part of this aspect of the 
invention. Such variants may for example include truncated enzymes 
as discussed above. 

The invention also provides a nucleic acid which may be RNA or DNA 
encoding such carboxypeptidases, and vectors, including vectors, 
comprising such a nucleic acid. The nucleic acid is preferably 
that of Seq. ID No. 1 (except where altered to remove one or more 
glycosylation sites) , or a fragment thereof encoding the 
abovementioned variants of carboxypeptidase. The vector may be an 
expression vector, wherein said nucleic acid is operably linked to 
a promoter compatible with a host cell. The invention thus also 
provides a host cell which contains an expression vectbr of the 
invention. The host cell may be bacterial (e.g. E.coli) , insect, 
yeast or mammalian (e.g. hamster or human) . 

Host cells of the invention may be used in a method of making a 
carboxypeptidase enzyme or fragment thereof as defined above which 
comprises culturing the host cell under conditions in which said 
enzyme or fragment thereof is expressed, and recovering the enzyme 
or fragment thereof in substantially isolated form. The enzyme or 
fragment thereof may be expressed as a fusion protein. 

c. other vec tor components. 

In the system according to the invention the enzyme may be linked 
to a signal sequence which directs the enzyme to the surface of a 
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mammalian cell. This will usually be a mammalian signal sequence 
or a derivative thereof which retains the ability to direct the 
enzyme to the cell surface. This will be needed unless the enzyme 
has an endogenous signal sequence which does this. Even if an 
enzyme does have such a signal sequence, it can be replaced by 
another signal sequence where this is desirable or appropriate. 
Suitable signal sequences include those found in transmembrane 
receptor tyrosine kinases such as the c-erbB2 (HER2/neu) signal 
sequence or variants thereof which retain the ability to direct 
expression of the enzyme at the cell surface. The c-erbB2 signal 
sequence can be obtained by reference to Coussens et al (1985) 
Science Z2S.J 1132-1139. 

The experiments described in the Examples herein may be used to 
determine variants of this, or other signal sequences, for their 
ability to express the enzyme at the cell surface. The variants 
may be produced using standard techniques known as such in 
molecular biology, eg. site-directed mutagenesis of a vector 
containing the signal sequence. 

Further suitable signal sequences include those which may be found 
in the review by von Heijne (1985) J. Mol. Biol. ISA? 99-105. 

The enzyme of the system according to the invention' will be 
expressed at the surface of a cell. This means that it will be 
expressed in such a fashion as to have the enzyme exposed outside 
the cell so that it may interact with the prodrug, but will still 
be attached to the plasma membrane by virtue of a suitable plasma 
membrane anchor. A suitable anchor will be a polypeptide anchor 
which is expressed by the vector. For example, the enzyme which 
is linked to a sequence which is a transmembrane region which 
anchors the enzyme in the membrane of the cell. Such a 
transmembrane region can be derived from transmembrane receptor 
kinases, such as c-erbB2, EGF receptors and CSF-l receptors. The 
c-erbB2 transmembrane region is set out in the example below. 
Variants of such transmembrane regions may also be used provided 
that they retain the ability to anchor the enzyme in the membrane 
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of a cell, such that the active portion of the enzyme is outside 
the cell, and at its surface other anchors eg. Peptidoglycan 
anchors are lipid anchors and could also possibly be used. 

5 The anchor such as the one from a the transmembrane region is 
attached to the open reading frame of the enzyme gene by suitable 
molecular biology techniques. When the protein is expressed it 
will have the anchor attached as the enzyme/anchor fusion protein 
is made. The anchor will then embed into the membrane and will 
10 hold the enzyme there. 

vectors encoding the enzyme, together with, when required, a signal 
sequence and/or transmembrane region may be made using recombinant 
DNA techniques known per se in the art. The sequences encoding the 

15 enzyme, signal sequence and transmembrane regions may be 
constructed by splicing synthetic or recombinant nucleic acid 
sequences together, or modifying existing sequences by techniques 
such as site directed mutagenesis. Reference may be made to 
"Molecular Cloning- by Sambrook et al (1989, Cold Spring Harbor) 

20 for discussion of standard recombinant DNA techniques. 

The^y^fwill be expressed in the vector using a promoter capable 
of being expressed in the cell to which the vector is 'targeted. 
25 The promoter will be operably linked to the sequences encoding the 
enzyme and its associated sequences. For example, the c-erbB2 
proto-oncogene is expressed in breast tissues at low levels and in 
a tissue restricted manner. In some tumour states however the 
expression of this protein is increased, due to enhanced 

30 transcriptional activity. Notable examples of this are breast 
tissue (about 30% of tumours), ovarian (about 20%) and pancreatic 
tumours (about 50-75%). In such tumours where expression of c- 
erbB2 is increased due to enhanced transcription or translation, 
the c-erbB2 promoter may be used to direct expression of proteins 

35 in a cell specific manner. 
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with the GDEPT system of the present invention utilising c-erbB2 
promoters to target such tumours, the specificity of GDEPT is 
increased since transfection of normal cells by a vector with a c- 
erbB2 promoter will provide only limited amount of enzyme levels 
5 and thus limited activation of prodrug. 

The c-erbB-2 promoter has been sequenced to -1500 and may be 
obtained by reference to Hudson et al, (1990) J. Biol. Chem. 235.'. 
4389-4393. The major start site of transcription has been 
10 determined by Ishii et al (1987) Proc. Natl. Acad. Sci. fi±; 4374- 
4378 and Tal et al (1987) Mol. Cell Biol. 2? 2597-2601. ThjLs start 
site is referred to as +1 and this numbering is referred to herein. 
Translation of c-erbB-2 starts at +178. The promoter has a CAAT 
box at -75 and a TATA box at -25. 

15 

Hollywood and Hurst (1993) EMBO J. Hi 2369-2375 report that in 
mammary cells, regions of the promoter at -100 and -213 are 
important for the regulation of transcription. (see also Sarlcar 
et al (1994) J. Biol. Chem. 252.} 12285-12289). 

20 

In order to achieve expression from a vector utilizing the c-erbB-2 
promoter, it is desirable to use the c-erbB-2 promoter region from 
the CAAT box, and preferably the TATA box, upstream to include 
sequence elements responsible for specificity of expression in 

25 particular tissues, such as those found for mammary cells by 
Hollywood and Hurst (ibid) . The promoter will thus desirably 
include at least all the nucleotides upstream (5') of the CAAT box 
to about the 250th, eg. 300th, 400th, 500th, 600th, 700th, 800th, 
900th or further nucleotide 5' to the start of transcription. It 

30 is also preferred to include the TATA box. Optionally, the c-erbB- 
2 sequences downstream of the TATA box to the start of translation 
at +178 may also be used. 

Although the human c-erbB-2 promoter sequence is preferred, 
35 modified promoter sequences which are capable of selectively 
hybridizing to the human sequence may also be used. A promoter 
sequence capable of selectively hybridizing to the human promoter 
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sequence will be generally at least 70%, preferably at least 80 or 
90% and more preferably at least 95% homologous to the promoter 
region or fragment thereof over a region of at least 20, preferably 
at least 30, for instance 40, 60 or 100 or more contiguous 
nucleotides. 

in general, those of skill in the art will appreciate that some 
regions of the promoter such as those at -213 will need to be 
retained to ensure tumour specificity of expression from the vector 
whereas other regions of the promoter may be modified or deleted 
without significant loss of specificity. Thus, modified promoters 
which are transcriptionally regulated substantially to the same 
degree as human c-erbB^2 are preferred. The degree of regulation 
of such candidate promoters can be tested and assessed by those of 
skill in the art using for example CAT assays in accordance with 
those described by Hollywood and Hurst (ibid) . 

"Operably linked" refers to a juxtaposition wherein the promoter 
and the enzyme-coding sequence are in a relationship permitting the 
coding sequence to be expressed under the control of the promoter. 
Thus, there may be elements such as 5' non-coding sequence between 
the promoter and coding sequence which is not native to either the 
promoter nor the coding sequence. Such sequences can be included 
in the vector if they do not impair the correct contrbl of the 
coding sequence by the promoter. 

Other suitable promoters include viral promoters such as mammalian 
retrovirus or DMA virus promoters. Suitable promoters include 
those used in vectors described above, e.g. MLV, CMV, RSV and 
adenovirus promoters. Preferred adenovirus promoters are the 
adenovirus early gene promoters. Strong mammalian promoters may 
also be suitable. An example of such a promoter is the EF-lo 
promoter which may be obtained by reference to Mizushima and Nagata 
((1990), Nucl. Acids Res. 1&; 5322). Variants of such promoters 
retaining substantially similar transcriptional activities may also 
be used. 
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Vectors which comprise the c-erbB-2 promoter form a further novel 
aspect of the present invention and may be used in systems in which 
the vector expresses a gene capable of converting a prodrug into 
an active drug within a target cell. Thus the invention provides 
a viral vector comprising a c-erbB-2 promoter operably linked to 
a gene encoding an enzyme, the enzyme being capable of converting 
a prodrug into an active drug. The invention also provides a kit 
which comprises a vector as defined above together with a prodrug 
which is capable of being converted to an active drug by the enzyme 
encoded by the vector. In another aspect, the invention provides 
a vector as defined above or a kit as defined above for jise in a 
method of treatment of the human or animal body, and in particular 
a method of treatment of tumours in which the c-erbB-2 proto- 
oncogene is overexpressed . In a further aspect, the invention 
provides a method of treatment of tumours, and in particular a 
method of treatment of tumours in which the c-erbB-2 proto-oncogene 
is overexpressed, which method comprises administering to an 
individual with a tumour (i) an effective amount of a vector as 
defined above, and (ii) an effective amount of a prodrug capable 
of being converted to an active drug by the enzyme encoded by the 
vector. 

E. Prodrugs, 

The prodrug for use in the system will be selected to be compatible 
with the enzyme, ie. such that the enzyme will be capable of 
converting the prodrug into an active drug. Desirably, the 
toxicity of the prodrug to the patient being treated will be at 
least one order of magnitude less toxic to the patient than the 
active drug. Preferably, the active drug will be several, eg 2, 
3, 4 or more orders of magnitude more toxic. Suitable prodrugs 
include nitrogen mustard prodrugs and other compounds such as those 
described in WO88/07378, WO89/10140, WO90/02729, WO91/03460, EP-A- 
540 263, WO94/02450, WO95/02420 or WO95/03830 which are 
incorporated herein by reference. 

Efil - Nitrogen mustard prodrugs. 

Nitrogen mustard prodrugs include compounds of the formula: 
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M-Ar-CONH-R 

where Ar represents an optionally substituted ring aromatic ring 
system, R-NH is the residue of an o-amino acid R-NH 2 or 
oligopeptide R-NH, and contains at least one carboxylic acid group, 
and M represents a nitrogen mustard group - 

The residue of the amino acid R-NH is preferably the residue of 
glutamic acid. It is disclosed in WO88/07378 that the enzyme 
carboxypeptidase G2 is capable of removing the glutamic acid moiety 
from compounds of the type shown above, and the removal of the 
glutamic acid moiety results in the production of an active 
nitrogen mustard drug. 

Thus nitrogen mustard prodrugs of use in the invention include the 
prodrugs of generic formula I of W094/02450 and salts thereof, and 
in particular those of formula (I) : 



R1 R3 

/ \ /=\ F°* H (') 



NH-CH 



R1* 



wherein R 1 and R 2 each independently represent chlorine, bromine, 
iodine, OSOjMe, OS0 2 phenyl (wherein phenyl is optionally substituted 
with 1,2,3,4 or 5 substituents independently selected from C v 
4 alkyl, halogen, -CN or N0 2 ) ; 

R 1 " and R u each independently represents hydrogen, C,. 4 alkyl or C,. 4 
haloalkyl; 

R 3 and R* each independently represents hydrogen, C v4 alkyl or C v4 
haloalkyl ; 

n is an integer from 0 to 4; 

each R 5 independently represents hydrogen, C,. 4 alkyl optionally 
containing one double bond or one triple bond, C w alkoxy, halogen, 
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cyano, -NH 2 , -CONR 7 R 8 (wherein R 7 and R 8 are independently hydrogen, 
c i- 6 alley 1 or Cj. 6 cycloalkyl) or two adjacent R 5 groups together 
represent 

a) C4 alkylene optionally having one double bond; 
5 b) C3 alkylene; or 

c) -CH-CH-CH-CH-, -CH-CH-CH2- or -CH2-CH-CH- each optionally 
substituted with 1, 2, 3 or 4 substituents said substituents each 
independently selected from the group consisting of C V4 alkyl, C,.< 
alkoxy, halogen, cyano and nitro; 

10 X is a group -C(O)-, -O-C(O)-, -NH-C(O) - or -CH 2 -C(0) -; and 

Z is a group -CHj-T-CfO) -OR 6 where T is CHj, -O-, -S-, -JSO) - or 
-(SO z )-, and R 6 is hydrogen, C,_ 6 alkyl, c,. 6 cycloalkyl 
amino, mono- di-C,_ 6 alkylamino or mono or diCj_ 6 cycloalkyl amino, 
provided that when R* is hydrogen T is -CHj-; and physiologically 

15 acceptable derivatives, including salts, of the compounds of 
formula (I) . 

Halogen includes fluorine, chlorine, bromine and iodine. Preferred 
values for the groups R 1 " and R 2- are methyl and hydrogen, 

20 especially hydrogen. Preferred values for the groups R 3 and R* are 
hydrogen, methyl and trif luoromethyl, especially hydrogen. 
Preferred values for the groups R 1 and R 2 are I, Br, CI, OSOjMe and 
0S0 2 phenyl wherein phenyl is substituted with one or two 
substituents in the 2 and/or 4 positions. I, CI and OSOjMe are 

25 especially preferred. 

Preferred values for R 5 when n is an integer from l to 4 are 
fluorine, chlorine, methyl -CONHj and cyano. Preferably, n is 0, 1 
or 2. When n is 1 or 2 it is preferred that R 5 is fluorine at the 
30 3 and/or 5 positions of the ring. The group X is preferably -C(O)-, 
-O-C(O) - or -NH-C(O)-. z is preferably a group -CH 2 CH 2 -COOH . 

Preferred specific compounds include: 

N-4 - [ ( 2 -chloroethy 1 ) (2-mesyloxyethyl) amino ]benzoyl-L-glutamic acid 
35 (referred to below as W CMDA" ) and salts thereof; 

N- ( 4 - [ bis ( 2 -chloroethyl ) amino ] -3 -f luorophenylcarbamoyl ) -L-glutamic 
acid and salts thereof; 
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N- (4-[bis (2-chloroethyl) amino ] phenylcarbamoyl ) -L-glutamic acid and 
salts thereof; 

N- (4- [bis (2-chloroethyl) amino ] phenoxycarbony 1 ) -L-glutamic acid and 
salts thereof; and 

H- ( 4 - [ b is ( 2 -iodoethyl ) amino ] phenoxycarbony 1 ) -L-glutamic acid 
(referred to below as "prodrug 2") and salts thereof. 

Particular sub-groups of the compounds of the present invention of 
interest may be obtained by taking any one of the above mentioned 
particular or generic definitions for R'-R*, R 5 , X or W either 
singly or in combination with any other particular or. generic 
definition for R'-R*, R 5 , X or W. 

Other prodrugs include compounds of the formula (II) : 



OD 




*Y°^>^ ° ODORS' 



wherein R\ R 2 , R 5 . n and Z are as defined for compounds of the 

formula (I) above; 

m is an integer from 0 to 4, 

Z 1 and Z 2 are each independently -O- or -NH-; and 
R* is hydrogen, £-butyl or allyl; 

and physiologically acceptable derivatives of the compound of 
formula (I) . Preferred values of R 1 , R 2 , R s , n and Z are as defined 
above for compounds of the formula (I) . Preferred values of m are 
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5 



10 



0, 1 or 2 as defined for n above. R 9 is preferably hydrogen, but 
can be protected especially during synthesis by groups such as 
allyl or t-butyl. 

These prodrugs can be activated at the site of a tumour by a 
oarboxypeptidase enzyme, for example, CPG2 as disclosed in 
W088/07378 or WO94/02450. 

Nitrogen mustard prodrugs of the formula (III) : 




35 



wherein R\ R 2 , R 5 , z\ n, and m are as defined for compounds of the 
formula (II), and physiologically acceptable derivatives thereof, 
may also be used in the present invention. 

These prodrugs can be activated at the site of a tumour by a 
nitroreductase enzyme, for example, as disclosed in WO93/08288. 

Usually to ensure enzyme activity a cof actor such as riboside or 
a ribotide of nicotinic acid or nicotinamide will be required and 
may be administered with the prodrug. 

Compounds of the formulae (II) and (III) may be made using 
reactions and methods known per se in the art of chemistry. The 
following methods are of particular use: 
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ft . rn.noun^ nf formula fTT) Where 7? U ~Q"r 

compounds of the formula (I) in which z' is -O- »ay be made by 
reacting a nitrogen mustard of formula (IV) 



(IV) 




2*H 



where R 1 , R 2 , and R 5 and n are as defined above and Z* is -O- 
a linker of formula (V) 



R5(m] 




(V) 



where X* m, Z 2 , * and z> are as defined above, and Q is hydrogen 

Tr a leaving group. This reaction may be done in 

in the presence of a base, for example DHF and trxethylamine . 
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Preferred leaving groups Q include a succinimidyl group, a 
4-nitrophenyl carbonate group, a pentaf luorophenyl carbonate and 
a tetrachloroethyl group CH(C1)CC1 3 . 

(ii) compounds of the formula (IV) may be made starting from 
4-nitrophenol optionally substituted with the group (s) R 5 (n) (as 
defined above). The phenolic group is protected as an 
adamantanyloxycarbonyl-derivative (by reacting the starting 
materials with adamantanyl-f luoroformate and triethylamine in THF 
at rt). The protected 4-nitrophenyl carbonate is reduced to the 
corresponding amine by hydrogen transfer in ethanol using ..ammonium 
formate and Pd/C 10% as catalyst at room temperature. The amine is 
then hydroxyethylated with ethylene oxide in AcOH at 20* C and then 
reacted to the desired nitrogen mustard. Reference may be made to 
EP-A-433 360 or EP-A-490970 for suitable conditions. The compounds 
may be purified by column chromatography. Deprotection to remove 
the adamantyl group may be carried out in trifluoroacetic acid. 

(iii) Alternatively, the nitrogen mustard of formula (IV) may be 
activated as a chlorof ormate by treatment with phosgene or 
triphosgene in an aprotic solvent and triethylamine followed by 
coupling with a compound of formula (VI) : 



vr 



O OR9 

where R 5 , m, Z 2 , R 9 and Z 1 are as defined above. This may be 
carried out in THF or other aprotic solvents in the present of a 
base (for example triethylamine or pyridine) . 
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(iv) A further .lt.rn.tive route of synthesis of compound, of 

chlorofromate with the compound of formul. (V), to 

oase by the reeotion described above to convert the nitro group. 

via an amine, to a mustard group. 

r; sgnEaan fl a at tanmU til) wh«i-e t' Iff -iffl- i 

(i) compounds of the formula (II) in which Z- is -HH- w*J- 

, by reaction of a compound of formula (IV) in which Z is -»K 
with .linker of the formula (V) in aprotic solvents and in the 
p «.„c. oTa b.ee. Compounds of the formula (IV, 
L- may be made from a Lh.lo-4-nltrobenzy compound 
Lstrtuted with the group,., *^IT'L 

at and 

. 4 „ 1T .. fioH bv column chromatography. The 

resulting product purified Dy COium " 

corresponding .-nitro nitrogen mustsrd may be mad. by for ^pl. 
mesylation using mesyl c 

to other halo mustards, — , 

The 4-nitro group may be reduced by hydrogen transfer in eth.no! 



Ii) compounas ox u«= lul » 1 "" v — ' . w . . _ 4 ,„ . 

lad. by reaction of a compound of formula (IV, in which 1 is 
, formula (V) in aprotic solvents and in 
Compounds of the formula (IV, in which Z is - 
« a i-halo-4-nltrobenzy compound, optionally 
substituted wrtn on. grou P( s, »',„ <» defined sbov., . •This is 
converted to the corresponding ^bi.-hydro^.thy^-4-nit^ 
b e„syl compound by ruction with ^~^^IZ Th. 
resulting pr 

corresponding 4-nxtro mwiuy... * , 

rn.syl.tion using m«yl chloride in pyridine .nd — ' " " 
to oth.r h.lo must.rds, .-g. bromo or iodo mustsrds if «guir.d. 
The 4-nitro group mey b. r.du«d by hydrogen 
using smmonium form.te .nd . Pd/C 10% ct.lyst st 20 C 

Altern.tiv.ly th. l-bis-hydroxy.thyl M in=-4-nitrob.n,yl 

mentioned .bov. cmn ^rT^ - 

T>*/r 10* as catalyst in ethanol at 20 t w t> 
^.spending pLylL.-di.mino doriv.tlve. 
„e converted into th. corr.s P ondin, 4-emino nitrogen 
described in th. .bove paragraph, e.g. initially by reaction with 
mesyl chloride. 
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(i) Compounds of the formula (III) may be obtained by 
coupling nitrogen mustard phenol compounds described in section 
A(i) above with 4-nitrobenzyl cholorof ormate optionally substituted 
with the group(s) R 5 <B) (as defined above) in the presence or 
absence of triethylamine at 20 *C. 

(ii) Alternatively aniline nitrogen mustards as described in 
section B(ii) above may be used with the chloroformated as 
described in section C(i) above. 

r« mPO u n *« "f the formula fV) .In Vtlirtl ? 2 Iff 

( i) compounds of the formula (IV) in which Z 2 is -NH- may be 

made from a 4-nitro benzylic alcohol optionally substituted with 
the group(s) R* (as defined above). The hydroxyl function is 
protected as a pyranyl- or t -butyl-dimethylsilyl (TBDMSi) -ether by 
treatment at 20'C with 3, 4-2H-dihydropyran and pyridiniua-p- 
toluensulfonate (PPTS) in an aprotic solvent or with TBDKSi 
chloride and imidazole in dimethyl formamide (BMAC) , respectively. 
The intermediate thus obtained is reduced to the corresponding 
amine by hydrogen transfer in ethanol using ammonium formate and 
Pd/C 10% as catalyst at 20'C. This amine is converted to a glutamyl 
ester intermediate of formula (VII): 



RS(m HhJ 



(VJI) 



where R s , m, R 9 and Z 1 are as defined above, Z 2 is -NH- and Pr is 
the pyranyl- or t-butyl-dimethylsilyl (TBDMSi) -ether protecting 
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group. This may be done by treating the amine with triphosgene and 
triethylamine in toluene at 60-c to provide the corr.aPOndin, 
isocyants. which i. treated with a glutamate derivative of formula 
R'-C(0)-CH(NH,)-Z' where R« and z are as defined above. 
Alternatively the corresponding glutamyl-isocyanate obtained from 
the corresponding glutamate by treatment with triphosgene and 
triethylamine in toluene at -7S-C may be reacted with the amine in 
a one pot procedure. 

,11, The compound of formula (VII, is deprotected to ™ 
TBDHSi or pyranyl groups by tr^tment with mild ecidic media (AcOK, 
THF and Z or PPTS. EtOH. 55-C, . This yields a -J-^ 
formula (VII, in which Pr is hydrogen, compounds of the formula 
(V, in which g is s leaving group may be prepared using standard 
reactions known in the art. 

(iii) For example where Q is a succinimidyl group the compound of 
formula (VII) where Pr is hydrogen may be treated with 
disuccinimidyl-carbonate and triethylamine in acetonitrile. Where 
a 4-nitrophenyl carbonate group is desired treatment with 
4-nitro P henyl chlorformate and triethylamine in THF may be used. 
A pentaf luorophenyl carbonate may be added by in situ 
of pentaf luorophenol followed by coupling to the linker of formula 
(VII) in which Pr is hydrogen. 

F, tymnoM ^ n TTf ttS formula (V, In Whl^h Z! it =2=1 

W The starting material, for th. lingers possessing a earbamic 
bond are unsubstituted or substitutsd (with the group(s) « :,„, (» 
defined above,, 4-hydroxy-b.nrylic elcohols. These type of linKers 
may require an e*tr, electron withdrawing group on the aromatic 
nucleus^ order to undergo ^-elimination. The 4-hydrcxy group 
is specifically protected as an .estate by treating the starting 
material with acetyl-v-tria,olo-,4. 5 -b,pyridine, ih NaOH in THF at 
20-C. The alcohol function of the acetate is further protects* as 
pyranyl- or TBDMSi —ether by the procedures described in section V 
above. The acetate function is then deprotected to restore the 
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4 -hydroxy group in NaHC03 aq. MeOH at 20'C. The resulting phenol 
compounds are reacted in a one pot procedure with a protected 
glutamyl -isocyanate as described in section D(i) above. This 
yields a compound of the formula of (VII) as shown above in which 
Z* is -o- and Pr is the pyanyl- or £-butyl-dimethylsilyl 
(TBDMSi) -ether protecting group. 

(ii) Deprotection of this compound yields a compound of the formula 
(VII) in which Pr is hydrogen. This may be converted to compounds 
of the formula (V) by methods analogous to those described in 
sections D(ii) and (iii) above. 

F_i Alternative sy n thesis of compounds Of formula (IV) 1 

compounds of the formula (IV) in which Q is hydrogen, fluoro, 
chloro, bromo or -O-(N-succinimide) may also be obtained by 
reference to WO95/02420 or WO95/03830. 

Bfin. p fhef prodrugs. 

Other compounds which may be used as prodrugs include p-nitro- 
benzyloxycarbonyl derivatives of cytotoxic compounds. Such 
compounds can be used in conjunction with a nitroreductase enzyme. 
It is believed that the nitroreductase enzyme converts the nitro 
group of the prodrug into a hydroxylamino or amino group, which 
results in the p-nitrobenzyloxycarbonyl moiety becoming activated 
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and then self -immolating. This releases the active drug, 
compounds include a compound of formula: 




The nitroreductase enzyme of WO93/08288 requires a co-factor such 
as NADH or NADPH. and this may optionally be supplied as an 
additional component in the system of the invention. 

Examples of other compounds described in the above references 
include prodrugs of actinomycin D, doxorubicin, daunomycin and 
mitomycin C. Prodrugs of the foregoing references «e converted 
to active drugs by either nitroreductase or CPG2, although they may 
be modified to comprise protecting groups cleavable by other 
enzymes, eg ^-lactamase or glucronidase. 

Further prodrugs suitable for use in the invention include those 
of the general formula: FTLi-(PRT), or salts thereof where FTLx is 
a ras inhibitor such as a famesyltransf erase inhibitor compound 
and PRT represents m' protecting groups capable of being cleaved 
from the ras inhibitor by the action of an enzyme, where m is an 
integer from 1 to 5. Such compounds are disclosed in W095/03830. 

suitable FLTi's include those of the formula (VIII) or (IX) 
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where R, and R*. are the side chains of naturally occurring ammo 
acids (tor example -CH,, -CH(CH,) 2 , -CH 2 CH(CH 3 ) 2 , -CH ( CH 3 ) CH 2 CH 3 , - 
CH 2 OH, -CH 2 CH 2 SCH„ -CH(OH)CH 3 ), including their oxidized forms (for 
example, methionine sulfoxide or methionine sulfone) , or are 
substituted or unsubstituted aliphatic, aromatic or heteroaromatic 
groups, preferably cyclohexyl, phenyl, pyridyl, imidazolyl or 
saturated or unsaturated branched or straight chains of 2 to 8 
carbon atoms optionally substituted with an aromatic or 
heteroaromatic ring; 

X. is CH 2 CH 2 , trans CH-CH or CHjNH? and 

X 2 ] is (CH 2 ) n wherein n is 0, 1 or 2. Preferably ^ and R<. both 
represent CH(CH 3 ) CH 2 CHj. 

Suitable FLTi compounds including those of formulae (VIII) and (IX) 
may be obtained by reference to WO95/03830. 

Other suitable prodrugs for use in the system of the invention 
include those which are derivatized with a sugar or a ^-lactam 
derivative. For example, suitable linkers which may be attached 
to active drugs of the type described above are: 

R'O 
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where R' ie hydrogen or acetyl end V i. ary! such .. ^Phenyl 
henzyl or tolulyl, end thee, may be made in en analogous manner to 
the other prodrugs described above. 

A further group or prodrug, are tyrphoetin compoun £ ^ £££ 
formula- PTKi-PRT. where PTKi is a compound with PTK (pror 
IIZ^ Snesa. i^ioitory activity. PPT is a 

capable of being cleaved from the PTK inhibitor by the action of 
an enjyme and m- is an integer from 1 to 5. 

suitable PTKS include tyrphoetin.. Tyrphostins are ^'^'^J 
weight (e.g. 1— than 2.000) styryl containing inhrbrtors of 
Trofeln ^o.ine Kin.se which are capable of binding to the .ub.it. 
of protein tyro.in. *inae. domains. Suitable tyrpbo.tin. nclude 
tho» described by Garit et .1 (Ga.it et al. a. Med. chem. (1909) 
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32, 2344) and Gazit et al (J. Med. Chem. (1991) 42; 1896-1907) and 
especially tyrphostins of the general formula: 



where X 1 represents carbon, a nitrogen or a group N-O; n is an 
integer from 1 to 3; each group R 10 , which nay be the same or 
15 different is hydrogen, hydroxy, mercapto, carboxy, formyl, C v 
4 alkyl, C 2 . 4 alkenyl, C v4 alkoxy, C^alkylthio, carboxyC^alkyl, 
carboxyC 2 . 4 alkenyl, C,_ 4 alkylsulphoxy, halo (ie. fluoro, chloro, 
bromo or iodo), nitro, amino, C^alkylamino, or C^dialkylamino, or 
when n is 2 or 3 two R 10 groups may together form a methyl enedioxy 
20 or ethylenedioxy group; R 11 is hydrogen, hydroxy, Chalky 1 or 
together with position 2 of the ring to which the group (s) R 10 
is (are) attached forms a 5 or 6 membered aliphatic or heterocyclic 
ring, said 5 or 6 membered ring optionally containing a ketone 
group; and R 12 is cyano, carboxy, carbamoyl, thiocarbamoyl , a group 
25 C(0)HNCH 2 CN, a group C(NH 2 )«C(CN) 2 , an alpha keto group C(0)R" where 
R 13 is 3,4-dihydroxyphenyl or 2-thiophenyl or an alpha amido group 
C(0)NHR u where R u is benzyl, phenyl or 2,4-dimethoxyphenyl; 
provided that at least one of the groups R 10 and R 11 is mercapto, 
hydroxy or amino. 



In a preferred embodiment, X 1 is C; n is an integer from 1 to 3; 
each group R 10 , which may be the same or different is hydrogen, 
hydroxy, carboxy, formyl, C vt alkyl, C 2 . 4 alkenyl, C V4 alkoxy, 
carboxyc^alkyl, carboxyC 2 . 4 alkenyl, halo (ie. fluoro, chloro, 
bromo or iodo) , nitro, amino, C V4 alkylamino, or C,. 4 dialkylamino, or 
when n is 2 or 3 two R 10 groups may together form a methylenedioxy 
or ethylenedioxy group; R 11 is hydrogen, hydroxy or C V4 alkyl; and 
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*« is cyano, carboxy, carbamoyl, thiocarbasoyl , a group C(0)HNCHjCN 
or a group CWdd, Most preferably, X» represents carbon 
n is an integer fro. 1 to 3, each group .-. which say be , th. same 
or different is hydrogen, hydroxy or amino; R is »ydr=,en or 
5 hydroxy; and R 12 is cy.no, a group CO.HHOy* a group 
=Z,?C(CH> 2 . an alpha Keto group CO,R» where R« is 3,4- 
dlXxyphenyl. or an alpha amide group c(0,HHR« vbere R is 
benzyl; provided that at least one of th. groups R' , R , and R 
are hydroxy or amino. Preferably, R» is hydroxy or amino «hen 
10 forms 7 5 or 6 ushered ring with R« preferred ring, include 

heterocyclic rings wherein th. ring contain on. nitrogen etc. *nd 
4 or 5 carbon atoms. Th. total number of .toss include- 
carbon .toss of th. ring to which th. group(s, R» !.<»"> .ttach.d. 

15 suit.ble tyrphostins such .s th. abov. -ay be obtained by the 
methods disposed in, or analogous to those of, ™»20 ; C. 2 it 
et .1 1989 .nd 1991, ibid, which .r. in=orpor.t.d herem by 
reference . 

20 Tyrphostins may b. linked to .ny suitabl. protecting group which 
ITremov.bl. by an entym.. suitabl. promoting group. ™ 
found by reference to WO9S/03830 or W095/02420 and say be of th. 
structure : 

-(Z'-CO.O-CHj-Ph-NOj)., °* 
- ( Z 1 -CO . 0 . CH 2 -Ph-Z-NH-glu ) m , 
where z' is as defined above or S, «' is an integer from 1 to 5, Ph 
Is a pnenylene ring optionally substituted by fro* 1 to 4 groups 
R * (which Ly be the same or different) as defined above and glu is 
I ^roup -CHZ-CCO,-OR' where Z and are as 
30 nitro group .ay be in the position although is desirably in the 
4-position of the ring relative to the Ph ring. 

^otS^ptable derivatives of prodrugs --de "Its, 
35 LIdes.lters and salts of esters. Esters include 

esters in which the non-carbonyl moiety of the ester .grouping is 
Elected from straight or branched chain C,. 6 .lXyl, ("ethyl, n- 
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propyl,, n-butyl or t-butyl) ; or encyclic alkyl (e.g. cyclohexyl) . 
Salts include physiologically acceptable base salts, eg derived 
from an appropriate base, such as alkali metal (e.g. sodium) , 
alkaline earth metal (e.g. magnesium) salts, ammonium and NR 4I1 
(wherein R" is C,. 4 alkyl) salts. Other salts include acid addition 
salts, including the hydrochloride and acetate salts. Amides 
include non-substituted and mono- and di-substituted derivatives. 

F. Applications of the invention. 

The system of the invention can be used in a method of treatment 
of the human or animal body. Such treatment includes a method of 
treating the growth of neoplastic cells which comprises 
administering to a patient in need of treatment the system of the 
invention. It is also possible that the invention may be used to 
treat cells which are diseased through infection of the human or 
animal body by bacteria, viruses or parasites. Viral late 
promoters often rely on viral proteins that are made early in the 
infection. The viral coat proteins which are expressed on the 
surface of an infected cell may be used as a target for getting the 
gene into the cell. If a viral late promoter is then used to 
direct expression of the GDEPT enzyme, any infected cells will 
express the protein, and specifically, cells which have been 
infected, for some time. This may be sufficient to kill the 
infected cells. For parasites, a parasite promoter and parasite 
surface proteins, may be used to direct expression and infect the 
parasites respectively. 

For a bacteria, all the delivery systems will probably need to be 
changed to use bacterial viruses, although a specific promoter 
should be easier to define. 

For use of the vectors in therapy, the vectors will usually be 
packaged into viral particles and the particles delivered to the 
site of the tumour, as described in for example Ram et al (ibid). 
The viral particles may be modified to include an antibody, 
fragment thereof (including a single chain) or tumour - directed 
ligand to enhance targetting of the tumour. Alternatively the 
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vectors may be packaged into liposomes. The liposomes may be 
targeted to a particular tumour. This can be achieved by attaching 
a tumour-directed antibody to the liposome. Viral particles may 
also be incorporated into liposomes. The particles may be 
5 delivered to the tumour by any suitable means at the disposal of 
the physician. Preferably, the viral particles will be capable of 
selectively infecting the tumour cells. By "selectively xnfecting 
it is meant that the viral particles will primarily infect tumour 
cells and that the proportion of non-tumour cells infected is such 
10 that the damage to non-tumour cells by administration of a prodrug 
will be acceptably low, given the nature of the disease bexng 
treated. Ultimately, this will be determined by the physician. 

one suitable route of administration is by injection of the 
15 particles in a sterile solution. While it is possible for the 
prodrugs to be administered alone it is preferable to present them 
as pharmaceutical formulations. The formulations comprise a 
prodrug, together with one or more acceptable carriers thereof and 
optionally other therapeutic ingredients. The carrier or carriers 
20 must be "acceptable- in the sense of being compatible with the 
other ingredients of the formulation and not deleterious to the 
recipients thereof, for example, liposomes. Suitable 
include, for example, those comprising the positively charged lipid 
(N t l-(2,3-dioleyloxy) P ropyl]-N,N,N-triethylammonium (DOTMA) , those 
25 comprising dioleoylphosphatidylethanolamine (DOPE), and those 
comprising 30[N-<n' ,N'-di»ethylaminoethane) -carbamoyl] cholesterol 
(DC-Choi) . 

Viruses, for example isolated from packaging cell lines may also 
30 be administered by regional perfusion or direct i^™" 1 
direction, or direct injection into a body cavity ( intracaviterxal 
administration) , for example by intra-peritoneum injection. 

It is also known that muscle cells can take up naked DNA and thus 
35 sarcomas may be treated using a vector system of the invention xn 
which naked DNA is directly injected into the sarcoma. 



m 
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Formulations suitable for parenteral or intramuscular 
administration include aqueous and non-aqueous sterile injection 
solutions which may contain anti-oxidants, buffers, bacteriostats , 
bactericidal antibiotics and solutes which render the formulation 
isotonic with the blood of the intended recipient? and aqueous and 
non-aqueous sterile suspensions which may include suspending agents 
and thickening agents, and liposomes or other microparticulate 
systems which are designed to target the compound to blood 
components or one or more organs. The formulations may be 
presented in unit-dose or multi-dose containers, for example sealed 
ampoules and vials, and may be stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the sterile 
liquid carrier, for example water, for injections, immediately 
prior to use. Injection solutions and suspensions may be prepared 
extemporaneously from sterile powders, granules and tablets of the 
kind previously described. 

It should be understood that in addition to the ingredients 
particularly mentioned above the formulations may include other 
agents conventional in the art having regard to the type of 
formulation in question. Of the possible formulations, sterile 
pyrogen- free aqueous and non-aqueous solutions are preferred. 

The doses may be administered sequentially, eg. at daily, weekly 
or monthly intervals, or in response to a specific need of the 
patient. Preferred routes of administration are oral delivery and 
injection, typically parenteral or intramuscular injection or 
intratumoural injection. 

In using the system of the present invention the prodrug will 
usually be administered following administration of the vector 
encoding an enzyme. Typically, the vector will be administered to 
the patient and then the uptake of the vector by transfected or 
infected (in the case of viral vectors) cells monitored, for 
example by recovery and analysis of a biopsy sample of targeted 
tissue. 
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The exact dosage regime will, of course, need to be determined by 
individual clinicians for individual patients and this, in turn, 
vill be controlled by the exact nature of the prodrug and the 
cytotoxic agent to be released from the prodrug but some general 
guidance can be given. Chemotherapy of this type will normally 
involve parenteral administration of both the prodrug and modified 
virus and administration by the intravenous route is frequently 
found to be the most practical. For glioblastoma the route is 
often intratumoural. A typical dosage range of prodrug generally 
will be in the range of from about 1 to 150 mg per kg per patient 
per day, which may be administered in single or multiple doses. 
Preferably the dose range will be in the range from about 10 to 75, 
e.g. from about 10 to 40, mg per kg per patient per day. Other 
doses may be used according to the condition of the patient and 
other factors at the discretion of the physician. 

Tumours which may be treated using the system of the present 
invention include any tumours capable or being treated by a GDEPT 
or VDEPT system and thus are not limited to any one particular 
class of tumours. Particularly suitable tumour types include 
breast, colorectal and ovarian tumours, as well as pancreatic, 
melanoma, glioblastoma, hepatoma, small cell lung, non-small cell 
lung, muscle and prostate tumours. 

The system of the invention may also be used to treat infections 
diseases, for example, and any other condition which requires 
eradication of a population of cells. 

It will be understood that where treatment of tumours is concerned, 
treatment includes any measure taken by the physician to alleviate 
the effect of the tumour on a patient. Thus, although complete 
remission of the tumour is a desirable goal, effective treatment 
will also include any measures capable of achieving partial 
remission of the tumour as well as a slowing down in the rate of 
growth of a tumour including metastases. Such measures can be 
effective in prolonging and/or enhancing the quality of life and 
relieving the symptons of the disease. 
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The following Examples illustrate the invention. 

PREPARATIVE EXAMPLE 1 

In order to express CPG2 on the surface of mammalian cells, a 
fusion between CPG2 and portions of c-erbB2 were constructed. The 
portions of c-erbB2 used are:- 

1. The signal peptide encoding region (codons 1-27): 

5'>ATG GAG CTG GCG GCC TTG TCC CGC TGG GGG CTC CTC CTC GCC CTC TTG 
CCC CCC GGA GCC GCG AGC ACC CAA GTG TGC ACC<3 ' 

This is identical to the sequence published by Coussens et al 
(1985) science 220., 1132-1139, apart from a silent, natural CGC to 
CGT mutation that occurs in codon 8, but does not alter the amino 
acid at this position. 

2. The transmembrane region (codons 636-686): 

5'>GAC CTG GAT GAC AAG GGC TGC CCC GCC GAG CAG AGA GCC AGC CCT CTG 
ACG TCC ATC GTC TCT GCG GTG GTT GGC ATT CTC CTG GTC GTG GTC TTG GGG 
GTG GTC TTT GGG ATC CTC ATC AAG CCA CGG CAG CAG AAG ATC CGG AAG TAC 
ACG<3 * 

This is identical to the sequence published by Coussens et al 
(1985) Science 223., 1132-1139, apart from a natural mutation in 
codon 655, which causes a conserved Val (GTC) to lie (ATC) 
substitution. 

In order to facilitate joining of the signal peptide of c-erbB2 to 
CPG2, a PCR fragment was generated which contained codons 1-27 of 
c-erbB2, with codons 28 and 29 mutated to convert them to a BamHl 
(GGATCC) restriction endonuclease site. This was achieved using 
primer #4478: 

5'>GCT TAC AAT TGC TTC TGA CAC<3' 



in conjunction with primer #4479: 

5'>CGC GGA TCC GGT GCA CAC TTG GGT GCT C<3' 
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The signal peptide containing fragment was released from the PGR 
fragment by digestion with BamHl and Ncol (a site occurs in c-erbB2 
which straddles the initiator ATG -i.e CCAT£G) . 

By a similar approach, codons 21 and 22 of CPG2 were converted into 
a BamHl site. At the same time, an EcoRl site was created at codon 
416 (the natural stop codon) of CPG2. This was done usxng the PGR 
primer #4476: 

5'>CGC GGA TCC GCC CTG GCC CAG AAG CGC<3' 

in conjunction with primer #4477: 

5'>CGC GAA TTC CTT GCC GGC GCC CAG ATC<3 ' 

Similarly, codons 634 and 635 of c-erbB2 were converted to an EcoRl 
site and codons 687 and 688 to a Clal site. This was achieved 
using the primer #4480: 

5'>CGC GAA TTC GAC CTG GAT GAC AAG GGC<3' 

in conjunction with primer #4481: 
5'>CGC ATC GAT CGT GTA CTT CCG GAT CCT<3'. 

The transmembrane region of c-erbB2 (codons 636-686) was released 
as a PCR fragment digested with EcoRl and Clal. 

Finally, two oligonucleotide adaptors were used to generate , . 9E10 
monoclonal antibody recognition site (see Evan et al (1985) Mol 
cell Biol ft, 3610-3616.) to the 5' end of the c-erbB2 transmembrane 
region . This was achieved by using oligonucleotide #4513: 
5'>CGA TGA GCA GAA GCT GAT ATC CGA GGA GGA CCT GAA<3 ' 

and oligonucleotide #4514: 

5'>CTA GTT CAG GTC CTC CTC GGA TAT CAG CTT CTG CTC AT<3 

together with standard linker cloning techniques. The various 
fragments were joined to each other through the engineered 
restriction endonuclease sites to generate a chaemera that produces 
a protein with the structure: 
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c-erbB2 (amino acids 1-27): GlySer: CPG2 (amino acids 23-415): 
GluPhe: c-erbB2 (amino acids 636-686): IleAsp: 9E10 epitope 
(GluGlnLysLeuIleSerGluGluAspLeu) : Asn*. 

The extra amino acids between each portion of the fusion are a 
consequence of the engineered restriction enzyme sites. This 
fusion gene is referred to as "CPG2 (surface) " . A variation of this 
gene was created in which a frame shift mutation was introduced 
between the c-erbB2 signal peptide and the CPG2 portion. This was 
achieved by digesting the chaemera with BamHl, end repairing the 
overhangs and re-ligating the plasmid. This produces ajj out of 
frame mutation, which results in a gene that cannot express 
CPG2 (surface) and is referred to as "CPG2 (surfaceF/S) " . 
CPG2 (surface) and CPG2 ( sur f aceF/S ) were cloned into the mammalian 
expression vector MLVflplink, which uses a moloney murine leukaemia 
virus LTR to direct expression of genes in murine cell lines 
(Dalton and Treisman, (1992), Cell fifi, 597-612). These plasmids 
are referred to as MLVCPG2 (surface) and MLVCPG2 (surf aceF/S) 
respectively. 

COMPARATIVE EXAMPLE 1 

In order to assess the expression of CPG2 (surf ace) in mammalian 
cells, one dish of NIH3T3 cells was transfected with 
MLVCPG2 (surface) and as a negative control, one dish of dells with 
MLVflplink. The transfections were performed with the lipid 
transfection reagent lipofectAMINE (GibcoBRL) . For transf ection , 
lxlO 5 cells were plated into 35mm tissue culture dishes and 
incubated at 37 "C overnight. The following day, lipofectAMINE :DNA 
complexes were prepared by combining O.Afiq of plasmid with 6/il of 
lipofectAMINE reagent in a total of 32^1 of PBSA; the complexes 
were incubated at room temperature for 15 minutes. The cells were 
washed twice with 2ml of serum free DMEM medium and placed in 0.8ml 
of serum free DMEM. The lipofectAMINE: DNA complexes were diluted 
into 0.2ml of serum free medium and added to the cells. The cells 
were incubated with the lipofectAMINE: DNA complexes for 6 hours 
at 37 washed twice with 2ml of DMEM medium containing 10% foetal 
calf serum (FCS) and placed into 2.5ml 10%FCS/DMEM. After a 
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further incubation period of 4, hours, the ceils -«^J^ 

wi th 5 .1 PBSA ana extracted on ~ ^jTtS.. 

of buffer A (250mM Tris.HCl. 10*v/v glycerol. 1%V/V Tr 

„«7 5> The extract was transferrea into 1.5ml tubes, centrifuge 

^ 000 "m in a micro-fuge. The supernatants were 

^ protein concentration was determined with the Bio-Kad protein 

assay kit, with BSA as a stanaard. 

Por protein-immunoblot analysis, 10,1 of each extract was combined 
wttt 10M1 of SDS sample buffer ana the protein. «.» " 
I 10 * SD s-poly.cryl.mid. g.l -•«• <"™ ^r^Soll 

685) . The protein, in the gel were transferrea to ni ' r ° ce ^" 
HlectroeLtion ana the ^ ^TJ^ 

tts'rai-o expressed in Sf 9 insect cll..^ Th. ££?J£ 

usea at a ailution of 1=1000 ana the i^unoco^l.xe. 
the BCL immunoblotting kit, eccoraing to the nanur 
instructions (Anersha.) . 

Tbese results show that in the extracts fro. the cell. ' 

with p^.surfsce, tber. ^ a ^rot.in = ^ »~ 

T^T^^^t^l cel'l. tt.nsf.ctea with 
L"plin^ (lane if and therefor, demonstrates that CP^urface, 
is expressed at high levels in these cell.. 

The extracts were te.t.a for CPG2 enzyme activity by ...muring 
Seir ability to cl..v. the CMDA prodrug into drug C»-£ " 

nc^r.tr.— :r 
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drug and therefore by inference demonstrates the presence of CPG2. 
Under these conditions, no CPG2 activity could be detected in 
extracts from cells transfected with either MLV0plink or 
MLVCPG2 (surface) indicating that the expressed protein was 
inactive. 

COMPARATIVE EXAMPLE 2 

Since CPG2( surface) is likely to be processed through the Golgi 
apparatus and endoplasmic reticulum to reach the surface of the 
cells (the route taken by c-erbB2) it was considered that jLt could 
potentially be glycosylated and that this may account for the lack 
of enzyme activity. N-linked glycosylation occurs in the golgi 
apparatus and endoplasmic reticulum at a motif whose primary amino 
acid sequence is Asn-Xaa-Ser/Thr (where Xaa is any amino acid) ; the 
glycosylation occurs on the Asn residue. Within the primary amino 
acid sequence of CPG2 , there are three such consensus motifs, 
located at residues Asn222, Asn 264 and Asn 272. To establish 
whether CPG2 ( surf ace) was glycosylated, two sets of transfected 
cells were set up. Each set contained a dish of cells transfected 
with MLVCPG2 (surface) , and a dish transfected with 
MLVCPG2 (surface/PS) as a negative control. Following the 
transfection, set 1 was incubated in 10% PCS/ DMEM for 42 hours. 
Set 2 was also incubated in 10%FCS/ DMEM for 42 hours, but 
tunicamycin (O.lmg/ml final concentration), was included in the 
medium for the last 24 hours of the incubation. Tunicamycin is a 
nucleoside antibiotic that inhibits N-linked glycosylation. The 
cells were harvested into buffer A and subjected to protein 
immunoblot analysis and to CPG2 enzyme activity assay as described 
above. 

The immunoblot data show that when CPG2 (surf ace) is produced in 
mammalian cells that are incubated in the presence of tunicamycin, 
its mobility in SDS-polyacrylamide gels increases compared to cells 
incubated in the absence of tunicamycin (Figure 2, compare lanes 
2 and 4). Furthermore, the protein undergoes a 'laddering', 
suggestive of a block occur ing in glycosylation. Some of the 
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represents proteins that were ^^J'^Z^) is not 
5 lanes 1,3) . 

„ ectivity in cell, that -ere treated o greeted with 

(Figure 2B. s^l.. ^^"JTj^ci,, else-did not 

MLVCFC2 (surface) and not treated with > t y ^ 

contain any CPG2 activity (Figure 2B, sample 2) . H 
£ ron cells tr.nsf.cted with M,VCPC2( »^~> ~" ^ M 

15 tunicamycin contained high level of CFG2 activity 
detected in this ssssy (Figure 2B, ssople 4). 

^ese d.t. Show that CPC2 (surf ace, stressed U , HXH3T2 
glyc osyl.ted and that this glvcosyl. ^ ^ 

20 activity. However, when glycosylate is blocked, 



is active. 



X„ order to prevent glycosylation of ^'£^1™^ 
sutant genes were constructed J^cosylation 



below. 



s^rs- j^t- - - - - - - — 

35 This was used in conjunction with priiaer #4732: 
5<>CGA AGG CCC CGT TCC GCG<3' 
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2) For Asn264. Primer #539: 
5'>CTG CGC TTC CTC TGG ACC ATC<3' 

Primer #540: 

5'>GAT GGT CCA GAG GAA GCG CAG<3' 

These were used in conjunction with primer #4733: 
5'>TGC AGG TCA ACA TCA CCG<3' 

and primer #557: 

5'>TTC TTG CCG CCT TCG CCG GC<3 ' 



3) For Asn272. Primer #541: 
5'>AAG GCC GGC CTC GTC TCG AAC<3' 

Primer #542: 

5' >GTT CGA GAC GAG GCC GGC CTT<3' 

These were used in conjunction with primers #4733 and 557. 

For Asn222, a PCR fragment was produced containing the mutated 
residue on a Smal/ Sphl fragment which was used to replace the wild 
type sequences. For residues Asn264 and Asn 272, the relevent PCR 
fragments were generated as Sphl/ Notl fragments and these was used 
to replace the wild type sequences in the CPG2 gene. All three 
mutants were cloned into the context of MLVCPG2 (surface) and are 
referred to as MLVCPG2 (surface) LNN for the mutant Asn222Leu? 
MLVCPG2( surf ace )NLN for the mutant Asn264Leu and 
HLVCPG2 ( surface) NNL for the mutant Asn272Leu. 

In order to test if the potential sites were glycosylated, two sets 
of NIH3T3 cells were prepared. Each set contained one dish of 
cells transfected with MLVCPG2 (surface) , one dish of cells 
transfected with MLVCPG2 ( surface) INN , one dish of cells transfected 
with MLVCPG2 ( surface) NLN , and one dish of cells transfected with 
MLVCPG2 (surf ace) NNL. Set 1 were incubated in the absence of 
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tunicanycin and set , in the presence « 

above. cell extracts were prepared in butler A ™ * 
ln nunoblot analysis and CK 2 en*ynatic activity ...sys perfomed. 

Th e innunoblot data shows tb.t each of tbe dividual -utation. 
-suits in an increase in nobility of CF^nur* ce, Jn J « 
poly.crylanide gels (Figure 3A, lenes 1-4). In tM p 
tunicanycin. the nobility of the -utant non-glycosyl.ted prote - 
«. identical to that of CPG2(surface) (Figure 3A. lenes 5 8). 
™eseT« indicate that the increased nobility seen in the absence 
r f tlicanycin is not due to the effect of the ****** 
Ability of CPG2(surf.ce, in SDS-poly.crylanide gel. »d indicate 
that each of the three potential sites is glycosylated in HIH3T3 
cells. 

Th e extracts were sheeted to CPC2 enzyme activity assay as 
. ik a »v,o V « All three mutant proteins were found to »e 
described above^ All with tunica3B ycin 

inactive when produced in NIH3T3 cells not 1-4) . 

as is seen with the unmutated protein (Figure 3B, samples 14). 
however when produced in tunicamycin treated KIH3T3 cells, 
^7su^ 

to be active, whereas CPG2 (surface) NLN was found to be inactive 
(Figure 3B, samples 5-8) . 

Taken together, these data indicate that each of the identified 

Taken togetnei , w . r .ii 8 and 

potential glycosyl.tion notits is glycosylated in m> 

Lt nutations that disrupt the motifs prevent 

^dividual nutation of residues »n222 and A.n272 hn._ no .ffs« on 

en 2 yne activity, but nutation of Asn264 blocks enrynatic activity. 

A variation of the nutation at the glycosylation notif at Asn 2« 
„« therefore produced. Xt is possible to bloc, 
nutation of the Ser/Thr at the third position in **•■<*"• 
Therefore. Thr2«6 was nuteted to a !*u=ine using priner .766. 

5'>TCC AAC TGG GTC ATC GCC AAG<3' 



and primer #767: 



PCT/GB95/01782 



5 , >CTT GGC GAT GAC CCA GTT GAA<3 ' 

in conjunction with primers #4733 and #577 and following the same 
strategy as for mutations at residues 264 and 272. Mutation 
Thr266Leu was cloned into the context of mutations Asn222Leu and 
Asn272Leu to produce a triple mutated gene referred to as 
CPG2 (surface) LNLL. This was cloned into MLV0plink and is referred 
to as MLVCPG2( surface) LNLL. 

To test if this protein is glycosylated and if it was active, two 
sets of NIH3T3 cells were prepared, each of which contained one 
dish of cells transfected with MLVCPG2 (surf ace) and one dish of 
cells transfected with MLVCPG2 (surface) LNLL. Set 1 was incubated 
in the absence of tunicamycin and set 2 in the presence of 
tunicamycin as described. Cell extracts were prepared in buffer 
A and subjected to protein immunoblot analysis and enzyme activity 
assay. The immunoblot analysis shows that CPG2 (surface) LNLL 
migrates as a tight band on SDS-polyacrylamide gels with an 
apparent Mr of -47,000; this is considerably smaller than that of 
CPG2(surface) (Figure 4A, lanes 1,2). When CPG2 (surface) LNLL is 
produced in cells incubated with tunicamycin, there is no change 
in its apparent molecular mass (lanes 2,4). Furthermore, 
CPG2 (surface) LNLL co-migrates with the fastest migrating (and 
therefore presumably non-glycosylated) form of CPG2 ( surf ace) 
produced in NIH3T3 cells treated with tunicamycin (Figure 4B, lanes 
2,3) . 

The enzymatic activity of these extracts was examined. Unlike the 
CPG2 (surface) , CPG2 (surface) LNLL was found to be active in extracts 
taken from cells that had not been treated with tunicamycin (Figure 
4B, samples 1,2). CPG2 from cells that had been treated with 
tunicamycin did not affect this activity, in contrast to 
CPG2( surface) from tunicamycin treated cells (compare samples 1,3 
with 2,4) . 



These data indicate that mutations of all three glycosylation 
motifs in CPG2 (surface) inhibit completely its glycosylation in 
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HIH3T3 ells. Mutation Asn222Leu blocked glyeo.yl.tion of that 
residue end w.s permissive for enzyme activity. 

clocked glyco.yl.tion of th.t residue but else inhibxted enzyme 
activity. Hutstion Thr266Leu blocked glyeosyl.tion «sidu. 
Asn264, and w.s permissive for activity. Mutation Asn 2 72Leu 
blocked ,lycosyl.tion at that residue end w.s P—^*» 
.ctivity. The triple «t«t Asn222Leu. Thr2«6Leu. Asn272Wu wes 
not glycosylated and was active. 

h**mpi,E 2 

The ability of CPC2 (surface) to kill HIH3T3 cells in the .presence 
Z the JoA pro-dru, w.s exeminrnd. Three sets of H1H3T3 
were pr.p.red. e.ch of which contained one dish of cells 
transfected with MLV,plink. one dish of cells «.nsfected with 
MLVCPG2 (surface) or on. dish of cells transfected with 
M .V0P G 2 ( surface,U.LI.. The cell, were incub.t.d for ■ ** hours 
following the tr.nsfection and then set 1 was in=uh.ted in the 
presence of prodrug vehicle <5mM Hopes. 0.5%v/v DMSO. PH7.0, final 
~ncentr.tions> for 24 hours, set 2 w.s incubatsd in the presence 
of the CMDA prodrug (O.smM finel concentration) for 3 hours. Set 
3 wes incubated in CMDA ,0.5,*, for 24 hours. 

treatment, the cells were washed three ti.es with ™™[<*'^ 
and sets 1 and 3 incubted in fresh medium for a further 24 hour, 
set 2 for 45 hours. The cells v.re then pesseged into fresh 
culture dishes, seeded et 1x10= ells/ 35m» dish in 2*1 PCS/ DMEM. 
After a further 72 hour incubetion cell growth w.s .s=ess.d by 
[3H] -thymidine incorporation. 

yor thymidine incorpor.i=n. l,Ci of t m.thyl-'H,thymidin. w.s .dded 
to each well (2ml medium) .nd incubated for 5 hour, et 37^C. The 
cells were w.shed twice with PBSA ,4-C, end fixed with _5%w£ 
trichloroacetic acid (TCA) in water at 4-C for 20 minutes The TCA 
was removed and the cells w.shed twice with 2ml rn.th.nol .nd air 
dried. The DBA wes extrected with 1ml 0.1M HaOH. ItSDS at room 
temperature for 5 minutes, edded to 4 ml scintil.ticn fluid .nd the 
incorporated thymidine determined by scintill.tion counting. 
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Cells that had been transfected with either MLVCPG2 (surface) or 
MLVCPG2 (surface) LNLL grew at the same rate as cells transfected 
with MLV/9plink, indicating that expression of CPG2 (surface) or 
CPG2 (surface) LNLL on the surface of mammalian cells does not affect 
5 cell growth rates (Figure 5, samples 1-3). Prodrug treatment of 
the control cells had minimal effect on their growth rate (Figure 
5, samples 1, 4, 7). By contrast, prodrug treatment of the cells 
expressing CPG2 (surface) and CPG2 (surface) LNLL had a marked effect 
on their growth. Cells expressing CPG2 (surface) were unaffected 

10 by a 3 hour prodrug treatment, but there was an -87% inhibition of 
cell growth following a 24 hour prodrug treatment (Figure 5, 
samples 2, 5, 8). Cells expressing CPG2 (surface) LNLL were even 
more sensitive to prodrug treatment, showing a -20% reduction in 
cell growth following a 3 hour prodrug treatment and complete cell 

15 death following a 24 hour prodrug treatment. 

These data show that when NIH3T3 cells expressing CPG2 (surf ace) are 
treated with the CMDA prodrug, cells growth can be prevented. 
Blocking glycosylation of CPG2 (surface) increased the enzyme 
20 activity and resulted in greatly increased cell kill potential of 
the enzyme-prod rug system. 



PREPARATIVE EXAMPLE 2 

25 

i. construction of the vector 

An expression cassette was constructed by fusing the 1.2kb 
Hindlll/EcoRl fragment from the plasmid pEF-Bos (Mizishuma and 
Nasgata (1990) NAR 18, 5322), which contains the EFla promoter, 

30 first exon, first intron and a portion of the second exon to the 
0-globin gene at position -4 relative to the start of transcription 
of the 0-globin gene. The Nco-1/HindIII fragment from the plasmid 
MLV0-Plink, containing the polylinker and the £-globin 3' 
untranslated region was fused to the Nco-1 site of the 0-globin 

35 gene, which is located across the /3-globin start of translation 
(position +50, relative to the start of transcription), to provide 
a polylinker and 3 ' untranslated region for proper mRNA processing . 
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This entire cassette was to be cloned into the vector pMClNeo PolyA 
(Str.t.g.n.) . PMClNeo PolyA was first modified to destroy the »=ol 
site located in the Heo" gene and to remove the BasHi. HincII and 
Sail sites located at the 3' end of the Neo" gene. The EFlo 
expression cassette was cloned as an HindHI fragment (end 
paired, into the Xhol (end repaired, sit. in the modified pKCl»eo 
PolyA plLid. A vector with the EFlo promoter and the TK promoter 
(which drives expression of the Heo« gene) feeing in <^"° 
directions was chosen for the expression of CPG2 ( surface) I2JLL . the 
vector is referred to a. pHCEF-Plin*. CPG2 <surf.ce)I2.Xi w.s cloned 
fro* PMLVCPG2 (surf.ee, ss an Ncol/Xbal fragment into the Hcol/ttal 
sits. of pMCEF-Plink, this Plssmid is referred to « 
p«C E FCP=2 (surface,^: As a control plasmid. the l.cZ gen. was 
also cloned into the Ncol/Xbal sites pMCEF-Plink as a Hcol/Xba 
fragment from the plasmid HLVBlacZ; this is referred to as 
pHCEFlacZ . 



s^- T .tion of staiin g*U linn ^„„« t .tutiveiv 

stable cell lines were prepared with HIH3T3 cells to constitutive^ 
express CFG2 (surface, UUX. or as a control tb. lacZ gen. . product 
(^galactosidas.,. In order to do this. HIH3T3 
transfected with pHCEF—CPG2 (surface) U1LL or pHCEFlacZ as °««"» d 
in comparative Example 1 .hove, and two days after "-sfection 
the cells were plated at low density into medium cent ainin «1» 
at img/ml. colonies coming fro- single cells could be observed 
about two weeks later . and these were cloned and ^ grown up 
individually. The expression of CFG2 (surface, was f"^™* »> 
immunoprotein blotting of 30ml of cell extract <*"™«f '* 
described in the comparative Example above, from each of the«» 
resistant colonies with the antiserum fro. the Compa«tiv Example 
! above. The cell line #16 which expresses high levels of 
CPC2<surfa=e,U.LL (Figure 6A, end cell line #3. which ^"""^ 
,-galactosidase (ss. below, were selected for further 
investigation. The expression of CPG2 (surface, 1*1* and J 
galactosidase were verified in the cell lines, by ensymatic assay 
For these assays, Ixio' cells for lines #3 and #16 were plated into 
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3 5 nun tissue culture dishes and incubated for 4 days. Cell extracts 
were prepared (see above) and 5jig of protein was subjected to a 
CMOA degradation assay and a 0-galactosidase assay (the CMDA assay 
is described in the Comparative Example above) . For the assay of 
5 0-galactosidase activity in cells, 5pq of extracted protein was 
added to 600 Ml of assay buffer (40mM Na 2 P0 4 , 26.7mM NaH z P0 4 , 
6.7mMKCI, lmMMgS0 4 , 25mM 2 -mercaptoethanol , 50mM Tris.HCL, 0.06%v/v 
Triton X-100, 2.2mM o-nitrophenyl 0-D-galactopyranoside) and 
incubated at 37 'C for 60 min. 250/il of lMNa 2 CO, was added to the 
10 sample and the OD 420 was measured. The results in Figures 6B and 6C 
show that extracts from line #3 (stippled bars) contain high levels 
of 0-galactosidase activity but no CPG2 activity. The extract from 
line #16 does not contain any detectable 0-galactosidase activity, 
but does contain detectable levels of CPG2 activity. 

15 

EXAMPLE 3 

Cell lines #3 and #16 obtained in Preparative Example 2 were tested 
for cytotoxicity with the CMDA pro-drug. 1x10 s cells were plated 

20 into each well of 24 well dishes, incubated for 40 hours and then 
treated with increasing concentrations of CMDA at 37 'C for 60 
minutes. After a further 6 hour incubation, 10% of the cells were 
re-plated into 24 well dishes, incubated for a further 5 days and 
cell survival was determined by [ 3 H] -thymidine incorporation. The 

25 results in Figure 7 show that cell line #3 (filled symbols) is not 
sensitive to even the highest concentration of CMDA tested, whereas 
#16 (open symbols) is sensitive in a dose dependent manner, showing 
an IC50 of - 125/iM. 

30 EXAMPLE 4 

The bystander effect was determined by mixing cell lines #3 and #16 
obtained in Preparative Example 2 at a variety of concentrations 
as indicated and a total of 1 x 10 s cells were plated per well in 
35 24 well plates. The cells were incubated and treated as described 
in Example 3, except that they were treated with either 250mM or 
1000MM CMDA for 60 minutes as indicated. The cell survival was 
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determined as in Example 3. These results in Figure 8 show that 
with these conditions, there is a marginal bystander effect, since 
with only 40% of the cells expressing CPG2 (surface) LNLL, greater 
than 80% of the cells were killed in the presence of the pro-drug. 

In this Example other mutations of the glycosylation sites that 
would allow increased activity of CPG2 ( surface ) were prepared. To 
this end, the viability of making a conserved asparigine to 
glutamine mutations at codons 222, 264 and 272, the sites _shown to 
be glucosylated, was tested. This was achieved by PCR directed 
mutagenesis, using the PCR primers: 

For codon 222: 

#1171: 5'>GTG CAG GTC CAA ATC ACC GGC<3 ' and 
#1172: 5'>GCC GGT GAT TTG GAC CTG CAC<3'. 

For codon 264: 

#926: >5' CTG CGC TTC CAA TGG ACC ATC<3' and 
#927: >5' GAT GGT CCA TTG GAA GCG CAG<3'. 

For codon 272: 

#1173: 5'>AAG GCC GGC CAA GTC TCG AAC<3' and 
#1174: 5'>GTT CGA GAC TTG GCC GGC CTT<3 ' . 

This was done using the experimental protocol described in Example 
1. 

The CPG2 (surface) containing the codon N222/264/272Q mutations is 
referred to as CPG2 ( surface ) QQQ and was cloned into MLV0Plink as 
an Ncol/Xba fragment; this plasmid is called pMLVCPG2 (surface) QQQ. 
In order to test the enzymatic activity of CPG2 (surface) QQQ, NIH3T3 
cells were transfected with pMLVCPG2 (surf ace) or 
pMLVCPG2 (surface) QQQ and cell extracts were prepared; these 
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extracts were examined by immunoprotein blotting and for CPG2 
enzymatic activity as described in the Comparative Example. The 
immunoprotein blots show that the CPG2 (surface) QQQ protein (Fig 9A, 
lane 2) unlike the CPG2 (surface) protein (Fig 9A, lane 1) migrates 
with a mobility consistent with the protein being not glycosylated. 
From the activity assay data, it can be seen that for similar 
amounts of activity, the CPG2 (surface) QQQ protein (solid bar, Fig 
9B) contains - 50 fold higher levels of CPG2 cleaving activity than 
the CPG2 (surface) protein (open bar. Fig 9B) . 

Preparat ion of MDA261B Stable cell lingg 
Since CPG2 (surface) QQQ is more active than CPG2 (surface) MDA261B 
cell lines were prepared that constitutively express either 
CPG2 ( surface ) QQQ , or as a control, £-galactosidase. 
CPG2( surface) QQQ was cloned into pMCEF-Plink as an Ncol/Xba 
fragment; this plasmid is called pMCEFCPG2 (surface) QQQ. MDA361B 
cells were transfected with either pMCEFCPG2 (surface) QQQ, or with 
pMCEFlacZ according to the protocol described in the comparative 
Example and were treated as for the NIH3T3 cells to generate G418 
colonies. The G418 resistant colonies were tested for 

CPG2( surface) QQQ expression by immunoprotein blot analysis, as 
described for the HIH3T3 cells. From these analyses, two cell 
lines, M2 which expresses 0-galactosidase and M38, which expresses 
CPG2( surface) QQQ were selected for further testing. Immunoprotein 
analysis verifies that M38 expresses CPG2 (surface) QQQ (Fig 10A, 
lane 2), whereas M2 does not (Fig 10A, lane 1). The expression of 
p-galactosidase by line M2 was confirmed by enzymatic assay (Fig 
10B, lane 1 contains M2 extract, lane 2 a control extract) . 



These cell lines were tested for sensitivity to the CMDA prodrug 
and prodrug 2. 1x10 s cells were plated into each well of a 24 
well plate. The cells were incubated for 48 hours at 37 *C. They 
were then incubated in increasing concentrations of either CMDA or 
prodrug 2 for 60 minutes at 37 'C, washed twice, returned to medium 
and incubated for a further 5 days. The viability of the cells was 
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then determined by using [*H] -thymidine incorporation. The results 
show that the cell line expressing CPG2 (surface) QQQ (line M38, Fig 
11A and 11B, open symbols) was more sensitive to both prodrugs than 
the line expressing fl-galactosidase (line M2 , Fig 11A and 11B, 
closed symbols) . 

For prodrug CMDA, it was not possible to judge how much more 
sensitive M38 was than M2 as M2 did not show any sensitivity to the 
prodrug, even at the highest concentration tested. However, with 
prodrug 2, the differential was substantial, the M38 cells being 
of the order of 200 fold more sensitive to the prodrug than the M2 
cells. 

EMMPLE fi 

Prodrug 2 was also assayed (Fig 12) in the MDA MB361 transfected 
cells obtained in Preparative Example 3 using a sulphorhodamine B 
cytotoxicity assay which was conducted by plating 5000 cells per 
well in a 96-well microtitre dish. The cells were plated in 160/il 
of DMEM medium. After incubation over night the drug or 
appropriate controls made up in DMEM containing 5% serum was added 
to the wells in a 40^1 volume. The cells were incubated for 4 days 
tonder standard conditions. Following this the medium was removed 
and the cells treated with ice-cold 10% TCA (trichloroacetic acid) 
on ice for about 30 minutes. The TCA was removed and the cells 
rinsed for adding 18m of 0.4% sulphorhodamine B (SRB) which was 
left to stain the cells for 10 minutes. Following staining the 
cells were rinsed in TCA and air dried before addition of 18^1 of 
lOmM TRIS and cell viability was then read. Cisplatin (CDDP) was 
used as a control to ensure that each line was equally susceptible 
(i.e. to check that the CPG2 expressing line had not been rendered 
more sensitive to cell-killing agents) . There was not found to be 
any difference between the susceptibility to CDDP for the CPG2 - 
expressing line compared to the control I2C-Z line, (see Fig 12) 

EXAMPLE 7 

in order to examine the bystander effect with the MDA MB 361 cells 
constitutively expressing CPG2 (surface) QQQ, the M38 cell line, the 
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M2 cell line, or a 1:10 mixture of M38:M2 cells were plated (lxlO 4 
cells) into the wells of a 24 well plate, and incubated for 48 
hours. The cells were then treated with varying concentrations of 
prodrug 2 for 60 min, washed twice with fresh medium and incubated 
5 in fresh medium for 5 days. The survival of the cells was then 
determined by [^H-methyl] thymidine incorporation. The results 
show the M38 cell line (IC50-l/iM) is -200 fold more sensitive to 
the prodrug than the M2 cell line (IC50-200/*M) . However, when 
these two cell lines are mixed at a ratio of is 10, the IC50 was 
10 reduced -10 fold (~20mM) , despite the fact that only 10% of the 
cells were expressing CPG2 (surface) QQQ and demonstrating a 
substantial bystander effect. 
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SEQ ID NO. l: Genomic DNA and protein sequence of CPG2 

axxroooGC gaaggcaccg acraa^ osaatixot 

«S5SS2S5£ESES 



SSSSS2SS===S==5 S 

80 85 
110 115 

£2=5K55SEgSS5S£ 

125 130 



60 
120 
180 
230 



470 
518 



614 
662 
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AOC GAC GAG GAA AAG GGT TOC TTC GGC TOG OSC GAC CIG ATC CAG GAA 758 
Tnr Asp Glu Glu Lys Gly Ser Phe Gly Ser Arg Asp Leu He Gin Glu 
175 180 185 

GAA GOC AAG CIG GCC GAC TAC GIG CTC TOC TTC GAG COC AOC AGC GCA 806 

Glu Ala Lys Leu Ala Asp Tyr Val Leu Ser Phe Glu Pro ttr Ser Ala 
190 195 200 

GGC GAC GAA AAA CTC TOG CTG GGC AOC TOG GGC ATC GOC TAC GTS CAG 854 
Gly Asp Glu Lys Leu Ser Leu Gly Thr Ser Gly lie Ala Tyr Val Gin 
205 210 215 220 

GTC AAC ATC AOC GGC AAG GCC TCG CAT GOC GGC GCC GOG COC GAG CDS 902 
Val Asn He Thr Gly Lys Ala Ser His Ala Gly Ala Ala Pro Glu Leu 
225 230 235 

GGC GTS AAC GOG CTG GTC GAG GCT TOC GAC CTC GTC CTG OGC AOS ATS 950 
Gly Val Asn Ala Leu Val Glu Ala Ser Asp Leu Val Leu Arg Thr Met 
240 245 250 

AAC ATC GAC GAC AAG GOG AAG AAC CIG OGC TTC AAC TOG AOC ATC GOC 998 
Asn He Asp Asp lys Ala Lys Asn Leu Arg Phe Asn Trp Thr lie Ala 
255 260 265 

AAG GOC GGC AAC GTC TCG AAC ATC ATC COC GCC AGC GOC AOS CTG AAC 1046 
Lys Ala Gly Asn Val Ser Asn He He Pro Ala Ser Ala Thr Leu Asn 
270 275 280 

GOC GAC GTC OGC TAC GOG OGC AAC GAG GAC TTC GAC GCC GCC ATS AAG 1094 
Ala Asp Val Arg Tyr Ala Arg Asn Glu Asp Phe Asp Ala Ala Met Lys 
285 290 295 300 

AOS CTG GAA GAG OGC GOG GAG CAG AAG AAG CTG COC GAG GCC GAC GTS 1142 
Thr Leu Glu Glu Arg Ala Gin Gin Lys Lys Leu Pro Glu Ala Asp Val 
305 310 315 

AAG GTC ATC GTC AOS OGC GGC OGC COS GOC TTC AAT GCC GGC GAA GGC 1190 
Lys Val He Val Thr Arg Gly Arg Pro Ala Phe Asn Ala Gly Glu Gly 
320 325 330 

GGC AAG AAG CTG GTC GAC AAG GOG GTC GOC TAC TAC AAG GAA GOC GGC 1238 
Gly lys Lys Leu Val Asp Lys Ala Val Ala Tyr Tyr lys Glu Ala Gly 

335 340 345 

GGC AOS CTG GGC GTS GAA GAG OGC AOC GGC GGC GGC AOC GAC GOG GOC 1286 
Gly Thr Leu Gly Val Glu Glu Arg Thr Gly Gly Gly Thr Asp Ala Ala 
350 355 360 

TAC GCC GOG CTC TCA GGC AAG CCA GTC ATC GAG AGC CTG GGC CTG COS 1334 
Tyr Ala Ala Leu Ser Gly Lys Pro Val He Glu Ser Leu Gly Leu Pro 
365 370 375 380 

GGC TTC GGC TAC CAC AGC GAC AAG GOC GAG TAC GTC GAC ATC AGC GOG 1382 

Gly Phe Gly Tyr His Ser Asp Lys Ala Glu Tyr Val Asp He Ser Ala 
385 390 395 
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ATT COG OGC OGC CIG TAC AXG GCT GOG OGC C1G ATC ATG GAT CIG GGC 

lie Pro Arg Arg Leu Tyr Met Ala Ala Arg Leu lie Met Asp Leu Gly 
400 405 

GOC GGC AAG T GAATGCTGOC C0O0QGCTTT TCACTOGOGT TGCT0GTG1A 
Ala Gly Lys 
415 

ACICCACCCC OOGAGGGGGA GGOSOGGTOC GOCTIGGGGC GGOOCGGCGG OGACOGCCTC 
GICACATAGA AGGAACIGCC ATGTIGTTGA CAGCAGADCA GGAAGOCATC 030GA030GG 
TGCGOGACTr CTOGCAAGOC GAACTCTGGC CCAAOGOOGC GAATGGGGAC OGOGAGCACA 
GCrnOOCAA GAGCCCAOCA GGCCGTOGGC TGGOGTACGC AGTCXGOGTG 00O3AGGAGC 
ATCGOGGCGC OGGOCIOGAC TAOCTCACCT CGOGOraGTG CTGGAGGAGA TOGaQGOOGG 
OGAOGGOGGC ADCAGCAOOG CCATCAGOGT GAOCAACIGC COOGTCAAOG CCATCCTCAT 
GCGCIMGGC AAOGOGCAGC AGAAGAAGCA GTGGCTOGAG COGCTGGCGC AGGGOCGGAT 
GCTOGGOGOC ITCTGCCIGA OOGAGCCGCA GGOOGGCAGC GATGCATOGA GCCIGOGCAC 
CAQGGOGCGC AAGGAOGGGG AGGGCIACGT GATOGAOGGC GTGAAGCAGT TCATCAOCAG 
OGGGAAGAAC GGCCAGGTGG CGGGATOC 
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CIAIMS 



2. 



3. 



4. 



5. 



6. 



7. 



8. 



A two component system for use in association with one 
another comprising: 

(a) a vector capable of expressing an enzyme at the surface 
of a cell; and 

(b) a prodrug which can be converted into an active drug by 
said enzyme. 

A system according to claim 1 wherein the enzyme is a 
bacterial carboxypeptidase . 

A system according to claim 2 wherein the carboxypeptidase 
is carboxypeptidase CPG2. 

A system according to claim 3 wherein the CPG2 has been 
altered at one or more glycosylation sites to prevent 
glycosylation at said site or sites. 

A system according to any one of claims 2 to 5 wherein the 
prodrug is a nitrogen mustard prodrug. 

A system according to any one of claims 1 to 5 wherein the 
vector comprises a signal peptide of a transmembrane 
receptor kinases. 

A system according to any one of claims 1 to 6 wherein the 
vector comprises a promoter capable of being expressed in a 
tissue restricted manner. 

A system according to claim 7 wherein the promoter is a c- 
erbB2 promoter. 

A system according to any one of claims 1 to 8 for use in a 
method of treatment or therapy of the human or animal body. 
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10. 



11. 



A method of treating , tumour In a patient in need of 

vhich comprises administering to said patxent an 
effective amount of a vector encoding an ensym. capable of 
being expres.sd on the surface of a ceil and a prodrug 
capable of being converted by said enzyme to an actxve 
drug. 

A carboxypeptidase which comprises a substitution, deletion 
or insertion at one or more glycosylate sites so as to 
prevent glycosylation at said site while retaining 
carboxypeptidase activity. 



12. A carboxypeptidase according to claim 11 which 



13. 



14. 



is CPG2. 



A carboxypsptid.se according to d.iB 12 -herein 

and^2 have been altered to glutamine end resxdue «6 
has been altered to leucine. 

A vector comprising a nucleic acid encoding the 
carboxypeptidase of any one of claims 11 to 13. 
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Fig.1. Fig. 2 A. 
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Fig.3B. 
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Fig.4B. 
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Fig.6B. Fig.6C. 
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Fig.lOB. 
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Fig. 11 A. 

■ LINE M2 - B - GALACTOSIDASE 
□ LINE M38 - CPG2 (Surface) QQQ 
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